To produce pooled estimates of the global results of tuberculosis (TB) treatment and analyze the predictive factors of successful TB treatment.
Introduction
Tuberculosis (TB) remains the leading global cause of death by a single infectious agent; it caused approximately 1.6 million deaths in 2017. An estimated 10 million people developed the disease, of whom 6.4 million (64%) were notified [1] . Additionally, of the 558,000 estimated cases of rifampicin-and isoniazid-resistant TB (multidrug-resistant TB-MDR-TB)/rifampinresistant TB (RR-TB), a total of 139,114 people (87%) received the second-line regimen, and the proportion of MDR-TB cases with extensively drug-resistant TB (XDR-TB) defined as MDR-TB plus resistance to at least one drug in both of the two most important classes of medicines in an MDR-TB regimen: fluoroquinolones and second-line injectable agents (amikacin, capreomycin or kanamycin) was 8.5% (95% CI: 6.2-11%) [1] .
The innumerable efforts to end the global TB epidemic have resulted in remarkable developments in research focused on multiple aspects of the disease. Unfortunately, we should rely on poor diagnostic, therapeutic, and preventive options. However, it is estimated that with the current strategies for TB control, the goals of reducing the number of deaths by 95%, reducing the incidence rate by 90% and increasing the cure rate of patients receiving first-line treatment to 90% between 2015 and 2035 will not be reached without intensifying research and development [2] . It is also necessary to strengthen health systems' ability to detect cases early and to improve the quality of care, diagnosis and treatment of people with TB [3] .
TB treatment coverage is one of the ten priority indicators for achieving the goals of the End TB Strategy, and it has increased from 51% in 2013 to 70% in 2017 [2, 4] . However, the treatment success rate has decreased from 86% in 2013 to 82% in 2016; in MDR-TB/RR-TB and XDR-TB cases, the success rate remains low: 55% and 34% in 2015 [1] . This situation could be related to the limited evaluation of treatment outcomes in countries with limited resources and to the presence of factors that affect the outcome of TB treatment. Exhaustive estimates of TB treatment outcomes are needed to improve the programmatic management of TB. Therefore, this review with meta-analysis was performed to produce pooled estimates of global TB treatment outcomes and to analyze the predictive factors of successful TB treatment.
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Data extraction and definitions
The step-by-step selection of the studies is described in Fig 1. All article titles and abstracts were evaluated by two investigators (JR and PP), including all the studies that reported quantitative measurements of the results of tuberculosis treatment, and these results were clearly described according to the WHO criteria. For cases of drug-sensitive TB, only studies that clearly described patients receiving the standard treatment for tuberculosis recommended by the WHO known as short-term treatment (6 months) that includes 4 drugs. Studies that reported exclusively on extrapulmonary tuberculosis and those that did not allow the adequate extraction of quantitative data were not included. The full text of articles identified as relevant by any of the reviewers was read.
To determine which full-text articles met the inclusion criteria, two investigators (JR and PP) reviewed all full-text articles, and a third investigator (NC) reviewed a random selection of studies. In cases of disagreement, the two investigators discussed the article until they agreed. One investigator (JR) extracted data from all included studies. The second investigator (NC) independently extracted all numerical data regarding the estimation of the main effect to validate the first review. If data from the same cohort were included in several articles, the article with the most complete data was included. For each included study, detailed information was collected on the design, publication year, country, study population, sample size, definition and measurement of treatment outcomes and associated factors.
Validity assessment
The quality of the included studies was evaluated according to the Newcastle-Ottawa quality assessment scale [5] . It evaluates quality based on the content, design and ease of use of the data for meta-analysis. Two investigators (JR and PP) independently evaluated the quality of the studies, classifying each study as being of either good, acceptable or low quality.
Statistical methods and data synthesis
TB treatment outcome measures were evaluated as the percentage of successful and unsuccessful results among all patients who initiated anti-TB therapy. The results of treatment were defined according to WHO criteria [6] . Successful outcomes were those in which patients met the definition of 'cure' or 'treatment completion'. Unsuccessful outcomes were those in which patients met the definitions of death, default, failure or transfer. The subgroup analysis was performed by continent (Africa, America, Asia, Europe and Oceania), people living with HIV, children (1 to 15 years of age) and MDR/XDR-TB.
The associations of different variables, such as age (<65 years-66 years or older), sex (male -female), area of residence (rural-urban), type of case (new-previously treated), form of TB (pulmonary-extrapulmonary), alcohol consumption (yes-no), smoking (yes-no), HIV status (positive-negative), diabetes (yes-no), baseline sputum smear (positive-negative), and sputum smear microscopy two months after treatment (positive-negative), with the TB treatment outcome were measured. It was not possible to test the association from nutritional status, of educational level or socioeconomic status with TB treatment because these variables were evaluated differently in the studies depending on the country or region of origin. The influence of the health facility providing treatment on the results of TB treatment was not addressed in the studies included in this review.
Because most of the studies did not examine the association between these variables and successful treatment outcome as the main effect, unadjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated as estimates of this association. After a table of results was created for each of the analyses, a random effects model was used to calculate pooled ORs and 95% CIs as there were high levels of heterogeneity in the study populations. Statistical heterogeneity was assessed using the I 2 statistic. Publication bias was assessed using a funnel plot. All statistical analyses were performed in MedCalc1 version 19.03.
Results
As indicated in Fig 1, a total of 1,432 articles were identified. Of these, 992 were not duplicated; 807 of those were excluded after the title and abstract were evaluated, and 185 underwent a detailed review of the full text. A total of 151 studies with 1,550,449 patients with TB from 59 countries distributed among 5 continents met the criteria for inclusion in this review ( Table 1 ).
In total, 95 of the 151 studies were retrospective cohort, 28 were cross-sectional, 25 were prospective cohort and 3 were case-control studies. Of the eligible studies, 91 reported treatment results in cases of TB in adults, 7 in children, 15 in patients coinfected with HIV and 38 in MDR/XDR-TB cases. These studies are detailed in Table 2 .
Results of TB treatment
The success rate for the treatment of drug-sensitive TB in adults was 80.1% (95% CI: 78.4-81.7) ( Fig 2) . A high degree of heterogeneity (I 2 : 99.8%) was observed among the studies, but no publication bias was found in the funnel plot. Based on the subgroup analysis, America had the lowest treatment success rate at 75.9% (95% CI: 73.8-77.9) (S1 (Table 3) . A high degree of heterogeneity (I 2 : 98%; I 2 : 99.8%; I 2 : 99.2%; I 2 : 84.3%, respectively), was observed in these subgroups, but there was no evidence of publication bias in the funnel plot.
Predictors of TB treatment success
Patients who were smear-negative at two months of treatment were almost three times more likely to succeed in treatment (OR 2.7; 1.5-4.8) (Fig 3) , whereas patients who were younger (Fig 4) , nondrinkers (OR 2.0; 1.6-2.4) ( Fig 5) and HIV-negative (OR 1.9; 1.6-2.3) were two times more likely to succeed in treatment. In contrast, diabetes, the TB form and positive baseline sputum smear did not influence the results of treatment (Table 4 ).
Discussion
This meta-analysis showed that the success rate for the treatment of drug-sensitive TB in adults was 80.1% (95% CI: 78.4-81.7); for those with associated HIV-TB, it was 71.0% (95% CI: 63.7-77.8), In patients with XDR-TB it was 27.1% (95% CI: 12.7-44.5) and for those with MDR-TB, it was 58.4% (95% CI: 51.4-64.6). These values did not differ significantly from those reported by the WHO for 2016 (82%, 77%, 34% and 55%, respectively) [1] . This result was expected considering that cases of TB require compulsory notification in most countries. A study in Europe (2005), reported a pooled estimate of successful outcomes of 74.4% (95% CI 71.0-77.9%), this lower estimate than the one reported in this review could be attributed to the fact that the studies analyzed in this work are prior to 2005 [158] . While, another study in Ethiopia, reported a global success rate of combined TB treatment of 86% (with a 95% CI: 83%-88%), higher than our estimate of successful treatment [159] . To XDR and MDR TB a review published in 2017 reported pooled treatment success of 26% and 60% respectively, which is not different from our results [160] . However, these results should be improved to cure 90% of patients. The results of tuberculosis treatment improve with the use of adherence interventions, such as patient education and counseling, incentives and enablers, psychological interventions, reminders and tracers, and digital health technologies. Therefore, tuberculosis control programs should keep in mind that in addition to prescribing tuberculosis medications, they need to include resources to help patients overcome individual challenges to complete treatment [161] . In children, the treatment success rate was 83.4% (95% CI: 71.0-92.9). The WHO annual Global Tuberculosis Report does not specify a treatment success rate for children. However, studies from varying countries published in 2016 reported success rates for the treatment of children with TB that were both lower and higher than that those estimated in this review, e.g., 61 .5% in Malawi and 91.3% in the European Union [114, 119] . Although in 2018 a review was published that calculated the success rate of 78% to MDR TB treatment in children [162] , this 
Predictors of TB treatment success
is the first pooled estimate of treatment of drug-sensitive TB success in children at the global level in the last five years. Sputum smear conversion in the second month of treatment was previously associated with treatment success [163] . This meta-analysis confirmed that a negative sputum smear at two months of treatment was a predictor of success (OR 2.7; 95% CI: 1.5-4.8). However, sputum smear non-conversion after two months of treatment continues to be controversial as a predictor of unfavorable outcomes due to its low sensitivity and specificity for identifying treatment failure [164] . Therefore, further studies are needed to clarify this controversy.
It was also confirmed that factors such as age <65 years (OR 2.0; 95% CI 1.7-2.4), female sex (OR 1.2; 95% CI 1.1-1.3) and a new case type favor the success of TB treatment, as reported in previous studies [8, 9, 17, 48, 68, 69, 86, 138] . Not drinking alcohol was also a predictor of favorable treatment results (OR 2.0; 95% CI 1.6-2.4). Alcohol consumption has been associated with treatment failure and a predisposition toward adverse drug effects, either because those who consumed alcohol skipped more doses during TB treatment or because alcohol may affect the immune response against M. tuberculosis, leading to treatment failure or a late response to treatment[44, 92, 130] .
Nonsmokers also had a higher probability of treatment success (OR 1.5; 95% CI: 1.3-1.7) according to a study conducted in China that suggested smoking adversely affects the bacteriological response to and the result of TB treatment [53] . In Malaysia, smoking was also identified as a risk factor for unfavorable treatment outcomes [61] . In Poland, smoking did not influence the results of TB treatment [92] . In Brazil patients with a history of smoking increase 2.1 (95% The HIV-TB association continues to be a challenge for public health. Studies have identified coinfection as a risk factor for unfavorable TB treatment results, and most have attributed these results to the high mortality in these patients [10, [98] [99] [100] 105, 109] . We corroborated these results, showing that HIV-negative patients had a higher proportion of favorable treatment outcomes (OR 1.9; 95% CI 1.6-2.3), while in general, the treatment success rate in coinfected patients was low (70.5%). In this review, diabetes did not influence treatment outcomes. Our results coincide with those reported in Georgia and Malaysia [40, 61] , although it was previously suggested that diabetes was associated with unfavorable TB treatment results [56, 81] .
Among the limitations of this study, it is necessary to mention that the use of observational studies for a meta-analysis could induce errors by finding false significant associations when combining small studies affected by confounding [166] . Additionally, it is known that the quality of a meta-analysis depends on the quality of the included studies; in most studies, the quality was classified as low, which may be associated with the fact that most of the studies were retrospective and based on mandatory notification systems, where it is difficult to control due to loss at follow-up and other confounding factors. The degree of heterogeneity was also high among the studies; therefore, the random effects method was used to obtain the pooled results. Finally, the methodological variations among the included studies could also compromise the results of the meta-analysis.
Conclusion
The study findings suggest that the rate of successful TB treatment at the global level is good but is still below the defined threshold of 85%. Factors such as age, sex, alcohol consumption, smoking, sputum smear non-conversion at two months of treatment and HIV affect the results of TB treatment. 
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